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OverviewOverview
Introduction and overview of the BTeV EMCAL
WBS 1.4 – EMCAL

Project requirements and descriptions
Project organization
Costs
Schedule
Milestones
Risk Assessment 
Response to principal CD-1 recommendations

Presentations prepared for the breakout sessions
Crystal acquisition
Crystal acceptance test
Calibration
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IntroductionIntroduction WBS 1.4WBS 1.4
The role of BTeV EMCAL is to reconstruct photons and help identify 
electrons with high resolution and efficiency in a high-rate (and high radiation) 
environment.
Energy and position resolution goals (better than requirements) are
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3 D view and Front view3 D view and Front view WBS 1.4WBS 1.4
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Major componentsMajor components WBS 1.4WBS 1.4

Lead-Tungstate (PbWO4 or PWO) scintillation crystals are used to 
detect photons.

Why Lead Tungstate Crystals
• Excellent energy and spatial resolution.
• Fast – no tail in the next crossing
• Compact – minimum shower overlap
• Rad hard – survive hadron machine environment

Photomultiplier tubes (PMT) are used to detect scintillation light (no B
field)
Custom ASIC – QIE – is used to digitize signal with 0.6% step size in 8 
ranges and pseudo log-scale ADC (FNAL has much experience with 
QIE – KTeV, CDF, CMS, MINOS)
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Organization WBS 1.4

Base cost: $15.4M   (Material: $13.2M, Labor: $2.2M)
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R&D resultsR&D results WBS 1.4WBS 1.4

QIE: design is progressing & 
expect the prototype submission 
this year 
Develop front-end boards 
(FEB) to utilize QIE prototype 
@FNAL testbeam
Radiation hardness of optical 
glue – 10 qualify
Radiation hardness of wrapping 
materials – Tyvek, Teflon and 
aluminized Myler all work

Resolution
Radiation hardness of PWO (and 
other components)
Calibration scheme
Light calibration system – 0.2%
Mechanical structure
MC –

electron rates for calibration; 
radiation levels
Feasibility of muon calibration
Effect of 1% resolution

Source-based measurements of radiation 
tolerance of crystal for QA
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Mechanical Design and PrototypeMechanical Design and Prototype WBS 1.4WBS 1.4

Gave up CMS-endcap
design (carbon fiber 
cells) – expensive, not 
needed.

Successful
Good for cost & estimates
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Test beam Results: Energy ResolutionTest beam Results: Energy Resolution WBS 1.4WBS 1.4

Agreement with our 
Monte Carlo prediction

constant term (a)
(uniformity and shower leakage),
and

stochastic term (b) (shower 
leakage and photon stat. [~ 5 
p.e./MeV])

“noise” term (c) is actually 
due to momentum measurement 
error of electron beam arising 
from multiple scattering – note: 
under constant deflection, not 
constant magnetic field.
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Light loss from RadiationLight loss from Radiation WBS 1.4WBS 1.4

Light loss (at dose rate 
of 15 rad/h) is 
exponential and 
saturates.
Confirmation of 
damage recovery 
mechanism 
Time constant of loss 
is ~30 hours.
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QA of crystals for radiation hardnessQA of crystals for radiation hardness WBS1.4WBS1.4

We will test crystals for 
radiation tolerance using 
Cs source.
Irradiate crystals at 100 
rad/h for 20 hours and 
see how much light is 
lost.
Monitor with both source 
(DC current) and LED 
pulser.
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Apatity crystalsApatity crystals WBS1.4WBS1.4

Using the previous 
facility, we measured 
the radiation hardness 
of Apatity crystals.
Earlier crystals (same 
growing method as 
ALICE crystals) were 
not very good.
Newer ones are 
comparable to 
Bogoroditsk/SIC 
crystals.

ALICE-size 
crystals were 
fine w/o 
growing-method 
modifications!
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Correlation: LED Correlation: LED vsvs ElectronsElectrons WBS 1.4WBS 1.4

The ratio of their changes (or slope 
of the graphs) is important to know.
Then we can correct the particle data 
using LED data.

electron PH

electron PH

LED
 responses

LED
 responses

Corrected 
electron PH 
is good to 
0.18%!
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Construction Cost WBS 1.4

3M (4M) increase due 
to Russian crystals
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M&S Obligation Profile by Fiscal Year WBS 1.4

WBS 1.4 EM CAL  M&S Obligation Profile
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Labor Profile by Fiscal Year WBS 1.4
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Project FlowProject Flow
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Key MilestonesKey Milestones WBS 1.4  WBS 1.4  

Activity ID Description Date
7.2.4.1 PO Awarded: 1st EMCAL Crystals 4Oct05
7.2.3.1 PO Awarded: Production QIE Chips 16Sep05
7.2.4.4 QIE Packaged Parts Tested 08Mar06
7.2.3.2 20% of PWOCrystals Accepted 07Mar08
7.2.4.3 ADC Card Checkout Completed 11Apr08
7.2.3.4 EMCAL Support Structure Assembled 9Jun08
7.2.3.3 75% of PWO Crystals Accepted 21Jul09
7.2.4.2 EMCAL Crystal Procurement Completed 19Mar10
7.2.4.6 Assembly of EMCAL Completed 15Sep10
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Critical Path ActivitiesCritical Path Activities WBS 1.4  WBS 1.4  
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Critical Path Analysis (1)Critical Path Analysis (1) WBS 1.4WBS 1.4

Temperature control (TF = 123 days)
Support structure & insertion of crystals (TF = 159 days)
Russian crystal production (TF = 187 days)

We have to delay their production until funding is available in 
FY07.

Chinese crystal production (TF = 189 days).  
Start crystal production in FY06, but it has to be stretched due to 
its production capacity and funding availability.  

PMT bases (TF = 269 days)
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Risk AnalysisRisk Analysis WBS 1.4WBS 1.4

Risk Event Response/mitigation strategy

Cost of PWO crystals • Keep three vendors (Shanghai, Bogoroditsk and 
Northern Crystals) viable

• Keep up with their plans

Delay in PWO crystal 
production

• Same as above.
• Partial installation of PMT/crystals is a viable 
option – the remaining crystals can be installed 
during relatively short access time.

Delay in PMT 
production

• w/ 4 potential vendors, some trade off between 
cost and schedule is possible.

• Partial installation of PMT/crystals is a viable 
option.

Delay in the QIE production • We are submitting prototype chips next month 
(Oct 9), and will move to production ASAP (Oct 
2005).
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CDCD--1 recommendations1 recommendations

Explore ways to arrive at a schedule with comfortable float 
(>6 months) by working with BTeV Management and 
Installation & Integration group.

Staged installation of EMCAL is our answer to this 
recommendation.  We now have a minimum of 187days business 
days (~ 9 months) of floats for crystals.

Add an Installation Engineer to the project.
There will be an Integration Physicist in the Project Office.

Add US collaborators
Yes, we are trying.
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Summary for WBS 1.4
No significant technical issues remain.
Cost & schedule have been established bottoms-up using OpenPlan.
Base $15.4M and 33% contingency for $20.8M total represent $3M 
increase in the base.
Apatity crystals more fully qualified.
Crystal acquisition floats increased to over 9 months due to staging –
more forward funding from universities is being sought to speed up 
further
In the worst case, commission with partial crystal installation is an 
option.

More information for WBS 1.4 is available in the breakout sessions.
Irradiation studies w/ Cs source at IHEP – Alexandre Vasiliev
Calibration – Alexandre Vasiliev
Studies of possible scintillation mechanism damages – Alexandre
Vasiliev
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Project Flow w/ schedule contingencyProject Flow w/ schedule contingency
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Responses to Temple 04Responses to Temple 04 WBS 1.4WBS 1.4

1. The collaboration should make every effort to accelerate the 
procurement of crystals either through forward funding or by 
qualifying 3 vendors.

We will certainly be making effort to secure forward funding to accelerate 
crystal acquisition.
Qualifying Apatity is done – Sasha’s talk.

• ALICE-size crystals worked very well.
• full-size crystals (first 3) did not do as well
• IHEP has evaluated  9 additional crystals with improved growing method and 

obtained results comparable to Bogoroditsk and SIC

2. More effort, including models and prototypes, should be applied to 
understanding the mechanical issues behind the calorimeter to ensure 
that the cable and fiber plant does not impede adequate airflow.

We are building a mock up of the entire crystal assembly, including 
HV, electronics and light fibers .



Directors CD-2/3a Review of the BTeV Project – Sept. 28-30, 2004
EMCAL (WBS1.4) – Yuichi Kubota

27

Responses to Temple 04 IIResponses to Temple 04 II WBS 1.4WBS 1.4
3. The thermal calculations should be repeated with a larger temperature 

variance in the C0 collision hall.

The older calculation can be re-interpreted to deal with situation when the C0 
temperature varies more than 1 C. Our project engineer does not believe that 
the temperature variations will be more than 1 C, however. The reasons are:
1. The CDF hall temperature data suggest that temperature in the C0 hall 

will be very stable, much better than 1C, except during access 
time. Because of the thermal mass of EMCAL, short access will not 
effect its temperature.

2. After a long access time, when the hall temperature is much different 
from the regular running temperature, it will take some time for EMCAL 
to reach a stable temperature.

3. In case that C0 hall temperature swings much more than B0 hall, the 
existing analysis shows how additional isolation can be achieved by 
increasing the insulation or increasing the air flow So there is no need to 
re-do the calculation.

4. We will look at the tradeoffs of these changes when we do more detailed 
design of the environmental enclosure.
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